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Introduction
Following the Great Recession, concerns have been raised regarding possible health effects of millions of people losing their jobs. There is a growing body of evidence suggesting adverse effects on health of the crisis, especially concerning higher rates of suicide and mental illness. [1] [2] [3] [4] [5] [6] Furthermore, evidence from different countries has indicated an association between unemployment and several health outcomes, including cardiovascular mortality, cancer mortality, poorer general health, somatic complaints, altered alcohol consumption and increased use of health services and prescription drugs. [7] [8] [9] [10] [11] [12] However, the causal direction between unemployment and health is not straight forward.
While health effects of unemployment (causation hypothesis) have been extensively studied 13, 14 less attention has been paid to whether poor health increases the risk of job loss (health selection hypothesis). If people with impaired health are more likely to lose their jobs, i.e. "selected" into unemployment, this is an important public health issue per se and should be considered in preventive health care and the design of vocational rehabilitation programs. Further, health selection may confound the association between unemployment and health.
Although some studies have found a selection of workers with ill health into unemployment, [15] [16] [17] [18] a recent meta-analysis found the selection effects to be weak. 19 However, the existing literature on the influence of poor health on the risk of unemployment has mostly been limited to studies on poor mental health 8, 14, 18 and overall self-rated health measures, 16, 20 whereas somatic conditions and lifestyle have received little attention. High alcohol consumption as a predictor of unemployment has been studied with mixed results. 21 Many previous studies in this field have used survey data only 18 or had short periods of followup. 22 The aim of our study was to prospectively investigate the associations between health and lifestyle and subsequent risk of unemployment in a Norwegian labour market context.
Methods

The HUNT Study
All residents of Nord-Trøndelag County in Norway aged ≥20 were invited to participate in the second wave of the HUNT Study (1995-97, http://www.ntnu.edu/hunt/databank). The study procedures and a non-participation study are described elsewhere. 23, 24 Participants were asked to fill in questionnaires and undergo a physical examination. Of the 94,194 invited, 65,600 (70%) participated. In the present study, 36,249 were included in the analysis (Figure 1 ). Inclusion criteria were age 20-66, not pensioned before baseline or within the first year after baseline, having filled in the HUNT2 questionnaire and non-missing on exposures.
( Figure 1 here)
The Norwegian Insurance Database (FD-trygd)
Statistics Norway's National Insurance Database covers the entire Norwegian population since 1992 and provided entry/exit dates on all working life events for each HUNT2-participant: unemployment (registered and benefits), sick leave benefits, supplementary benefits, pensions, emigration and death.
Outcome ascertainment
The dependent variable time to unemployment was defined as time to first date of an unemployment period lasting for more than 90 days. We defined unemployed as being registered as 100% unemployed (actively job seeking, not necessarily on benefits) or fulltime participating in job creation programs.
Duration of more than 90 days was chosen to avoid seasonal unemployment and students being shortterm unemployed in summer holidays or after finishing studies. The median length of an unemployment episode was 99 days. We also created 1) an alternative outcome variable defined by time to unemployment lasting for >180 days, in order to capture health selection to long-term unemployment and 2) an outcome variable measuring any unemployment, regardless of duration.
Health status at baseline
A detailed presentation of the health measures is given in appendix (supplementary (S)- Table 1 ).
Symptoms of common mental disorders were measured using the 14-item Hospital Anxiety and Depression Scale (HADS, four-point Likert scale scored 0-3). 25 Seven items measured symptoms of depression and anxiety, respectively. Clinical caseness cut-off score was set to ≥8/21, concordant with validation studies reporting sensitivity and specificity for both anxiety and depression to be between 0.80 and 0.90. 25 depending on the number of affected joints), gastrointestinal complaints (dyspepsia, nausea, constipation or diarrhoea) and insomnia ("How often do you suffer from insomnia?" (about once a week or more than once a week), difficulty falling asleep or waking early (often or almost every night), insomnia to such a degree that it affected work (yes/no)).
The question "How is your health at the moment?" (poor/not so good vs. good/very good) measured self-rated health.
Alcohol consumption was considered as likely to affect work ability and risk of unemployment and was included both as exposure and adjustment variable (in contrast to the other lifestyle measures).
Questions of drinking frequency per month and whether teetotaller or not were combined into a categorical variable (teetotaller, 0 times (but not teetotaller), 1-4, 5-8, >8). The CAGE questionnaire was used to measure problematic alcohol use, with caseness cut-off ≥2, concordant with validation studies. activity -categorical variable (high = vigorous activity for more than one hour/week, moderate = vigorous for less than one hour or light exercise more than one hour per week, low = less active than moderate). Smoking status -categorical variable (never, previous, current) and alcohol consumption (described above).
As unemployment is likely to affect health, we adjusted for previous unemployment, measured as accumulated days (1992-baseline).
Analysis
The association between health and risk of unemployment was investigated using Cox's proportional hazard models with time from participation in the HUNT Study as the time axis. Start of follow up was 90 days after participation in HUNT2, as we were concerned that some individuals may have been depressed as a result of a known upcoming redundancy (reverse causality). Similarly, those who became unemployed 90 days before or after participation in the study were left censored at the date of participation, so that none of the participants were unemployed at start of follow-up.
The participants were followed until date of first unemployment, emigration, death or permanent exit from the labour market (early/old age pension or temporary/permanent disability pension), whichever occurred first. For all main analyses the first date of unemployment was set to the first day of an unemployment episode lasting >90 days. In addition, sensitivity analyses were performed with the first day of an employment episode lasting >180 days. The statistical analyses were performed on participants with complete data on exposure variables (thus N varied between models).
Three models were analysed for each of the health indicators. Model 1 was adjusted for age, sex, education and marital status. Additional adjustment variables that could have status as both confounders and mediators were included in model 2: physical activity, body mass index, smoking and alcohol consumption (i.e. variables that could possibly be causing unemployment but also to some extent could be caused by unemployment). In model 3 we adjusted for cumulative length (days) of previous unemployment. We also investigated possible effect measure modification by age and sex for each of the health indicators, and did age-stratified analyses (<>50 years). The proportional hazards assumptions were tested based on Schoenfeld residuals. Results were reported as hazard ratios (HR) with 95 % confidence intervals (CI). Statistical software: Stata 13.1.
Supplementary analyses
It is possible that individuals with underlying health problems experiencing job insecurity or job loss would go to their doctor and get a sickness absence certificate, instead of register as unemployed. Thus, sick leave could be a possible competing risk factor of unemployment and "mask" a potential health selection process related to unemployment, especially in the Norwegian welfare state context with generous benefits. Unemployment benefits covers on average 62.4% of earned income the previous year and are granted conditional on several terms, the most important being that earned income the previous year exceeded €14 132 (2014), and that working time is reduced by 50% or more. In contrast, Norwegian sickness benefits cover 100% of the income loss up until one year after first day of sick leave.
To explore potential competing risk, we analysed whether the risk of subsequent unemployment was 
Ethics approval
The study was approved by the Regional Committee for Medical Research Ethics (ref. 2012/1941b).
Written consent was given by all HUNT2 participants.
Results
Baseline characteristics are listed in Table 1 . Maximum follow-up time was 13.8 years with 312 279
person-years, each person being followed for 8.6 years on average.
( Table 1 here.)
Multivariable analyses
Over the follow-up period 3,065 (8.4%) participants experienced one or more episodes of unemployment lasting 90 or more days; 1991 (5.4%) had periods of over 180 days unemployment. Results of the Cox's regression analyses are presented in Table 2 .
( Results of the analysis replacing the outcome >90 days with >180 days of unemployment are presented in the appendix (S- Table 2 ). It generally showed similar results compared to the original 90-daysregression. As expected, the hazard ratios were slightly higher among those unemployed for a longer period of time. Adjusting for occupation did not change the results profoundly (S-Table 3-4).
We found no strong evidence that associations differed in males vs. females on most of the health measures investigated (p interaction 0.06-0.82); the exception was problematic use of alcohol assessed using CAGE (p interaction 0.01), associations were stronger in women (aHR 1.84 (1.28-2.30) than men (aHR 1.16 (1.01-1.33), data not shown). Likelihood-ratio tests indicated effect measure modification by age (p interaction <0.001-0.016). Age-stratified analysis showed that those >50 had a weaker association between health and unemployment compared to those <50 years on almost all of the health measures (S- Table 5 ).
Supplementary analyses
Results of the multinomial logistic regressions are presented as relative risk ratios (RRR), see appendix S- Table 6a -6g. This supplementary analysis gave close to similar results as the main analysis. The risk of sick leave were generally higher than the risk of unemployment for all the somatic conditions, while those reporting symptoms of both anxiety and depression had a higher risk of unemployment than of sick leave in all three models. The Cox analysis on unemployment length showed that those with several ill health conditions or symptoms had a higher risk of having longer unemployment spells, compared to those with fewer or no symptoms (S- Table 8 ).
Discussion
We found evidence of health selection to unemployment. High symptom levels of anxiety and depression or having chronic somatic conditions nearly doubled the risk of subsequent unemployment.
Having musculoskeletal pain, gastrointestinal symptoms, insomnia, high/problematic alcohol consumption or poor self-rated health were all factors associated with an increased risk of unemployment. Adjusting for lifestyle and previous unemployment slightly attenuated the estimates.
Strengths and limitations
The main strengths of this study are the detailed data on unemployment and the prospective design with longitudinal (18 years) register data on labour market status through record linkage. The analyses of sick leave as competing risk are, to the best our knowledge, a new contribution to the literature. Limitations are the lack of follow-up information on health, and potential biases related to non-response and selfreporting. 27 Further, although the assessment of anxiety and depression was based on a valid questionnaire, a (semi)structured psychiatric diagnostic interview would have given more reliable diagnostic information.
Context
The degree to which welfare benefits buffer reduced earning abilities in the unemployed is of importance for population health. 28 There are several aspects of Norway's state benefits system that may influence the generalizability of the results to other settings. Norway has a high GDP/capita (86% above the average of EU28 in 2013, www.ssb.no/en/ppp), generous social insurances, high degree of unionization, strong support of worker's rights (with focus on the most vulnerable groups) and a comprehensive vocational rehabilitation system. The unemployment rate in Norway has been low for decades, and was relatively unaffected by the recession in 2008 (S- Figure 1 ). However, sickness absence (7% of agreed working hours) and disability rates (10% of working age adults) , both possible competing risk factors of unemployment, were reported the highest in OECD in 2014 (Organization for Economic Cooperation and Development). 29 
Previous studies
A comparative study of the Scandinavian countries found no evidence of (self-reported) health selection to unemployment in Norway. 30 In keeping with our findings a systematic review and meta-analysis on health selection found that self-rated poor health was a risk factor for unemployment (RR 1.34, 95% CI 1.26-1.65). 20 Other studies have found evidence of mental health selection to unemployment in cohorts in Finland 8, 31 and Australia. 18 There have been few studies on the association between unemployment and specific symptoms like musculoskeletal pain, gastrointestinal symptoms and insomnia, even though these are frequent causes of medical consultation and reduced work ability. 32 Also, gender differences in health selection are scarcely investigated. 13 Concordant to a French longitudinal study on health selection 33 , we did not find profound gender differences in the health related risk of unemployment. Our results on alcohol consumption and higher risk of subsequent unemployment, especially in women, are consistent with the results in a Swedish follow-up study. 21 
Interpretation and possible mechanism
One could expect sickness benefits in Norway to filter health-related problems before they lead to unemployment. Still, those with ill health seem to have a higher risk of job loss and longer periods of unemployment following job loss, also shown in previous studies . 34 People with illness might be selected to more unstable jobs or they might lose their job more often because they are regarded less valuable to the employers. The unemployment rate will to some extent vary by socioeconomic position and occupation. However, adjusting for occupation did not alter the estimated risk of unemployment much.
We interpret this as a result of educational level capturing most of these variations in a Norwegian labour market context.
We found that older workers with health problems were at lower risk of unemployment. This may be explained by a healthy worker effect -those "surviving" in the labour force are the healthiest people (or , and should be further investigated.
To conclude, the present study finds that poor health increases the risk of job loss. This evidence of health selection highlights the need for policy focus on the welfare of unemployed individuals, including support preparing them for re-employment.
Supplementary data
Supplementary data are available at EURPUB online.
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Key points
 Health effects of unemployment have been extensively studied, while less attention has been paid to whether poor health increases the risk of job loss (selection hypothesis).
 The existing literature on the influence of health on unemployment has mostly been limited to studies on poor mental health and overall self-rated health, whereas somatic conditions and lifestyle have been scarcely investigated. Tables   Table 1 Characteristics 
